Xylem sap composition was examined in nodulated and nonnodulated cowpea ( Vigna unguicd L.I Walp.) plants receiving a range of levels of NO3 and in eight other ureide-forming legumes udlizing NO3 or N2 as sole source of nitrogen. A 15N dilution technique determined the proportions of plant nitrogen derived from N2 in the nodulated cowpeas fed NO. Xylem sap composition of N03-fed, nodulated cowpea varied predictably with the relative extents to which N2 and NO3 were being utilized. The ratios of asparagine to glutamine (N/N) and of NO3 to ureide (N/N) in xylem sap increased with increasing dependence on NO3 whereas per cent of xylem nitrogen as ureide and the ratio of ureide plus glutamine to asparagine plus NO3 (N/N) in xylem sap increased with increasing dependence on N2 fixation. The amounts of NO3 and ureides stored in leaflets, stems plus petioles, and roots of cowpea varied in a complex manner with level of NO3 and the presence or absence of N2 fixation. All species showed higher proportions of organic nitrogen as ureide and several-fold lower ratios of asparagine to glutamine in their xylem sap when relying on N2 than when utilizing NO3. In nodulated (minus nitrate) cowpea and mung bean (Vigna radiata [L.1 Wilczek) the percentage of xylem nitrogen as ureide remained constant during growth but the ratio of asparagine to glutamine varied considerably. The biochemical significance of the above differences in xylem sap compositdon was discussed.
10). In soybean (Glycine max [L.] Merr.) the ureides are more prominent in nodulated plants than in plants grown with NO3 or NH4 salts (8, 11) , suggesting a special association between N2 fixation and ureide formation (9) , and the possibility of using ureide levels in plant tissues or transport fluids to determine the extent to which a field-grown crop is relying on symbiosis as opposed to combined forms of N from soil or fertilizer. This paper describes xylem sap composition of N2 and N03-fed cowpea (Vigna unguiculata [L.] Walp.) and of other grain legumes which form ureides, and suggests how compositional features of the sap might be used to evaluate the N2-fixing status of nodulated plants grown in the presence of NO3.
MATERIALS AND METHODS
The species studied were cowpea (V. unguiculata [ Hepper). A preliminary screening program had shown all species to be rich in ureides.
Plants were grown in pots of heat sterilized sand during summer in a naturally lit glasshouse maintained within the temperature range 20-35 C by supplementary heating (night) and evaporative cooling (day). One set of plants of each species was inoculated with an effective Rhizobium (strain CB437, for soybean, strain NGR234 for horse gram, and strain CB756 for all other species) and grown with a N-free culture solution. A matching set of uninoculated plants received culture solution containing 10 mM NO3. By using this level of NO3, sterile sand and effective surface sterilization of seed the plants remained free of root nodules throughout growth. These nonnodulated plants accumulated nitrogen at rates equal to or greater than did nodulated (minus NO3) plants of comparable age. Root xylem (bleeding) sap was collected from 10 to 16 plants of each species in mid-vegetative growth as detailed previously (15) . Xylem sap was collected from nodulated plants of cowpea and mungbean throughout growth to relate changes in sap composition to ontogenetic variations in N2 fixation rate.
In a detailed study of the response of cowpea to nitrate, sets of nodulated and nonnodulated plants were grown at 0, 1, 5, 10, and 20 mm NO3. The cultures were irrigated with the nutrient solutions at least once daily in an attempt to maintain uniform levels of NO3 and other nutrients in the rooting medium. Harvest at 40 days after sowing involved collection of xylem sap from 30 plants of each treatment and separation of plants into leaflets, stem + petioles, and roots for determination of fresh and dry weight and nitrogenous constituents. '6NO3 was incorporated at known enrichment (2-10 atm per cent excess) into the culture solutions fed to the nodulated cowpea plants to assess dependence of the plants on N2 and NO3.
Analyses of Plant Material and Xylem Exudates. Total N of plant parts was determined by Kjeldahl analysis of dry plant material, using salicylic acid in the digestion mixture if NO3 was present (5) . Samples offreshly harvested plant parts were extracted at 0 C in 80%o (v/v) ethanol, the extracts evaporated to dryness, partitioned between petroleum ether and water and the watersoluble fraction was used for assay of ureides, amino acids and nitrate. Ureides in tissue extracts and xylem sap were measured colorimetrically as the phenyl-hydrazone of glyoxylate (20) . Amino compounds of xylem sap were determined by using a Beckman 118C amino acid analyzer in the "physiological fluids" mode, with low temperatures and lithium-based buffers to resolve the amides glutamine and asparagine and nonprotein amino acids. Nitrate in tissue extracts or xylem sap was analyzed by reduction ofa diluted sample on Cd:Cu columns and measuring the resulting NO2 by an automated colorimetric technique (22) . 15N enriched plant dry matter was assayed for '3N content by optical emission spectrometry (16) The nitrogenous solutes shown in Figure 3A accounted for 86-91% of the total sap nitrogen determined by Kjeldahl analysis, suggesting that there were no other major solutes of nitrogen present in the xylem.
The amino acid balance of xylem sap from all treatments (Fig.  3B ) demonstrated a fairly constant ratio of amide nitrogen (asparagine + glutamine) to amino acid nitrogen, but large differences between treatments in the relative proportions of the sap nitrogen represented by the two amides. Aspartic acid, lysine, valine, leucine, and glutamic acid were the major non-amide constituents in xylem sap of all treatments and these five amino acids together represented 15-20%Yo of the ninhydrinpositive compounds assayed.
Possible Use of Solute Analysis in Assessing Symbotic Dependence. The amount of NO3 recovered from the tissues of nodulated plants reflected the increasing NO3 supply to these plants while the declining amount of ureides reflected declining N2 fixation with NO3 dose (Fig. 1) . When expressed as concentrations of solute per unit fresh weight of plant parts (Fig. 2 ) the data showed considerable dissimilarity between nodulated and nonnodulated plants and exposed the complex nature of the response of storage systems to the level of supplied NO3. Because of these complexities, the relatively small proportions of total nitrogen as NO3 or ureide in any of the organs and the possibility of considerable diurnal variation in these pools, it seemed unlikely that tissue analysis would be useful for assessing the symbiotic status of nodulated plants utilizing NO3.
Since the nitrogenous solutes of xylem sap were likely to represent current products of N assimilation (14) and since there were substantial differences in sap composition between N2-and N03-fed plants, an assay system based on xylem sap analysis was regarded as a reliable means of assessing plant dependence on symbiosis in the presence of NO3. Four quantities were selected for diagnostic use in cowpea, namely percentage of xylem sap N as ureide and the ratios (N/N) of ureides + Gln to Asn + NO3, of NO3 to ureide, and of Asn to Gln. The relationship of these quantities to the level of applied NO3 and the plant's dependence on symbiosis were as shown in Figure 4 in the sap and the ratio of ureide + Gin to Asn + NO3 rose predictably with increasing symbiotic activity relative to NO3 assimilation whereas the ratios for NO3 to ureide and Asn to Gln increased with decreasing N2 fixation and increasing reliance on NO3.
The levels of amino acids and ureides in xylem sap of eight additional species were examined (Fig. 5) to determine whether the diagnostic features described above for cowpea were likely to be of value if applied to other ureide-synthesizing grain legumes. In all cases the proportion of xylem nitrogen as ureide was much greater in nodulated (minus NO3) plants than in nonnodulated plants grown with 10 mm NO3. This generalization applied whether ureides were a large (up to 90%o) or small (15%, see Macrotyloma uniflorum) proportion of the xylem sap N. Similarly in all species Asn to Gln (N/N) ratios were much higher (by 2-to 23-fold) in xylem sap of N03-fed plants without nodules than in effectively nodulated (minus NO3) plants (Asn to Gln ratio usually considerably less than 1) (Fig. 5) . The species therefore behaved similarly to cowpea, although the range of values for the two quantities examined varied widely among the species, and it was not ascertained how the species would respond when relying on both N2 and NO3.
Since variations during growth in proportions of N solutes exported from roots might be a complicating feature in any assay system based on xylem exudates, the extent of such variation was assessed in nodulated cowpea and mung bean, using Asn to Gln ratio and per cent N as ureides in xylem sap as test quantities and relating their variations to ontogenetic changes in specific activity of N2 fixation (Table II) . The study indicated that the proportion of nitrogen as ureide in sap was a relatively stable quantity, Most recent evidence suggests that the amide group ofglutamine is the initial product of ammonia assimilation after N2 fixation or NO3 reduction (12) and that this nitrogen serves directly in the synthesis of glutamate (18) , and in the synthesis of the amide group of asparagine by a transamidation reaction with aspartate (19) . Ureide formation based on purine biosynthesis requires two atoms of amide nitrogen, either as glutamine or asparagine (7, 17) , and a N atom of aspartate to form three of the four N atoms of allantoin and allantoic acid (4), so synthesis of these compounds could be envisaged as competitive with asparagine formation. This suggests that a lower output of asparagine could be expected if ureides were being synthesized than if these compounds were not being formed. The data from xylem sap analysis of cowpea and other ureide-forming legumes support this contention. Although the above hypothesis may be attractively simple, there are several other possible explanations for the above differences in exported products ofN2 and NO3 assimilation in ureide-forming legumes. For example, nodules might simply have low activity of asparagine synthetase relative to roots; there might be basic differences in the availability of four carbon as opposed to five carbon keto acids in nodules and roots, and the nodule and root might behave differently in the relative rates at which the two amides are transported to the xylem. These and other possibilities would need to be explored before the matter could be satisfactorily resolved.
